Abstract. The costs of spinal cord injury and its complications are high in personal, social and financial terms. Complications include bladder cancer, for which the risk is 16-28 times higher than that of the general population, There is currently little consensus regarding the cause of this discrepancy. As microRNAs are stable biomarkers and potential therapeutic targets of cancer, the present study aimed to explore the underlying mechanisms of this phenomenon by examining changes in the microRNAome. Rats were used to produce models of spinal cord injury. Microarrays and bioinformatics were used to investigate the cancer-associated microRNAs that are upregulated in rat bladders following spinal cord injury. In order to validate the results, quantitative reverse transcription-polymerase chain reaction (qRT-PCR), western blotting and immunohistochemistry were performed. The expression of miR-1949 was found to be deregulated and abundant in the rat bladder following spinal cord injury. Bioinformatics demonstrated that retinoblastoma 1, which is involved in tumorigenesis, is a target gene of miR-1949. qRT-PCR, western blotting and immunohistochemistry confirmed the results of the microarray analysis. In addition, it was shown that miR-1949 expression was not influenced by aging. Furthermore, the expression of miR-1949 was stable until the third month following spinal cord injury, after which it significantly increased. If this increase was prolonged, the expression of retinoblastoma 1 may decline to a carcinogenic level. The present study suggests a role for miR-1949 in the translational regulation of retinoblastoma 1 and in subsequent bladder tumorigenesis following spinal cord injury.
Introduction
MicroRNAs (miRNAs) are a family of endogenous and noncoding RNAs that regulate gene expression by inhibiting mRNA translation or inducing mRNA degradation, usually by binding to the 3'-untranslated region of target mRNAs (1) (2) (3) . In terms of their use as biomarkers or therapeutic targets, miRNAs are more stable than mRNAs, which are sensitive to degradation (4) . The importance of miRNAs has been focused upon during the past decade, and their dysregulation has been identified as a feature of tumorigenesis.
Spinal cord injury (SCI), which commonly occurs as a result of trauma, is a significant cause of disability (5) . The cost is high in personal, social and financial terms. In addition to motor and sensory dysfunction, patients with SCI are also at risk of developing multiple complications, such as bladder cancer, which may be induced by a variety of mechanisms (6) (7) (8) (9) . The incidence of bladder cancer appears to be increased following SCI; a number of retrospective studies have reported that the risk of bladder cancer risk in patients with SCI is 16-28 times higher than that of the general population (10, 11) . Numerous risk factors have been proposed to account for this increased incidence. However, there is currently little consensus regarding the risk factors for bladder cancer in patients with SCI. In a study involving 43,561 patients with SCI, it was concluded that long-term indwelling catheterization is a risk factor for bladder cancer in patients with SCI (12) . Other risk factors identified for bladder cancer in patients with SCI, include urinary tract infections (UTI) and the nature of the neurogenic bladder itself (12, 13) . However, no studies have focused on the role of miRNAs. After consulting a high number of studies, it was apparent that the majority of reports regarding bladder cancer following SCI are derived from epidemiological studies. To the best of our knowledge, the present study is the first to examine this phenomenon through identification of changes in the miRNA expression profile (the 'microRNAome') (14) .
Identification of microRNAome in rat bladder
The Rb1 gene, located on chromosome 13q14, was the first tumor suppressor gene to be isolated (15) . The Rb1 protein is a nuclear phosphoprotein, which is involved in a number of pathways of bladder cancer, either at its initiation or during its progression, including cell-cycle regulation and apoptosis (16, 17) . Previous studies have confirmed that alteration or deletion of the Rb1 protein is observed in human bladder cancer, suggesting that the Rb1 gene is critical in bladder tumorigenesis (16) . In addition, tumorigenicity may be suppressed by transfecting the Rb1 gene into bladder cancer cells (16) . Therefore, the aims of present study were to determine the miRNA expression of rat bladder tissues following SCI, and the possible association between miR-1949, Rb1 and the development of bladder cancer.
Materials and methods
Ethics statement. Seventy-two adult female Wistar rats (weight, 250±10 g) employed in the present study were obtained from the Radiation Study Institute-Animal Center (Tianjin, China). All experimental protocols involving animals were conducted in accordance with guidelines published in the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publications no. 85-23, revised 1996) and guidelines published by the United Kingdom Coordinating Committee for Cancer Research (18) , and were approved by the Ethics Committee of Tianjin Medical University.
The experimental grouping. In the miRNA array experiment, 27 rats were ised. There were 12 rats in the SCI group, 12 rats in the sham group and three rats in control group. The SCI group and sham group included four checkpoints, which in the SCI group were 3, 6, 9 and 12 months following SCI or laminectomy (T1-T4). There were three rats in each checkpoint. The control group was not given any checkpoint. To validate if Rb1 is the target gene of miR1949, 15 rats were used for immunohistochemisty, with three rats used at each checkpoint (3, 6, 9 and 12 months following SCI) and three rats used as the control group. To investigate the influence of age on the expression levels of miR-1949 and Rb1, nine rats were used for reverse transcription quantitative polymerase chain reaction (RT-qPCR) and western blotting, and a further nine rats were used for immunohistochemisty. In these experiments, there were three checkpoints. Rats in the T1-T3 groups without SCI and laminectomy were grouped together with SCI rats and were sacrificed at an identical as the SCI rats from T2-T4 for sample extraction. To determine the protein expression levels of miR-1949 and Rb1, 12 rats were added, which were used to supply three new checkpoints C1-C3 (1, 14 days and 1 month following SCI) and a control group. There were three rats in the C1-C3 and three rats in the control group. Finally, the protein expression levels of miR-1949 and Rb1 in the C1-C3 and C4-C7 were used togther to determine the protein expression levels of miR-1949 and Rb1 protein.
Surgical methods and sample collection. Forty-five adult female Wistar rats were anesthetized by intraperitoneal injection with 10% chloral hydrate (0.3 ml/100 g; Tianjin Medical University General Hospital, Tianjin, China). The area to be operated on was shaved and sterilized with 70% ethanol and betadine (Lierkang, Dezhou, China). The T10 spinous process and vertebral plate were removed, and the dura mater was opened. The exposed spinal cord was struck by a 10 g, 25 mm weight-drop, using a New York University impactor device, as described previously (19) . A valid contusive SCI model should comply with the criteria of an SCI model, such that the hindlimbs of the rat twitch involuntarily and the tail moves (20) . Sham rats received a laminectomy only. Following surgery, rats were placed in rooms with controlled temperature and humidity, and bladder evacuation was applied daily, prior to the return of reflexive bladder control (21) . The rats were sacrificed by intracardial perfusion with 200 ml normal saline (Baiteyiliaoyongping, Shanghai, China).
Following sacrifice of the rats, bladders were excised, and the tissue was either fixed with formalin and embedded in paraffin for immunohistochemistry, or rapidly cut into small sections and snap-frozen in liquid nitrogen, then stored at -80˚C, for subsequent RNA isolation and western blotting.
RNA isolation. The mirVana TM RNA Isolation kit (Applied Biosystems, Carlsbad, CA, USA) was used for total RNA isolation. For each tissue mass, 10 volumes of lysis/binding buffer were placed into a plastic tube on ice. Powdered tissue was transferred to the Lysis/Binding buffer, using a pre-chilled metal spatula. The mixture was mixed rapidly and transferred to a vessel. The mixture was then processed to homogeneity using a pulsing vortex mixer (SI-P246; Scientific Industries, New York, NY, USA). miRNA homogenate additive (1/10 volume) was added and chilled for 10 min on ice. A volume of acid-phenol : chloroform, equal to the lysate volume, was added, prior to adding the miRNA homogenate additive and mixing via vortex for 30-60 sec. In order to separate the organic and aqueous phases, centrifugation was performed for 5 min at room temperature, at the maximum speed (10,000 x g) and the aqueous phase was transferred to a fresh tube without disturbing the organic phase. The volume removed was recorded, and 1.25 volume 100% ethanol was added and mixed thoroughly. A filter cartridge was put into one of the collection tubes supplied for each sample. The lysate/ethanol mixture was applied onto the filter cartridge using a pipette. The mixture was centrifuged for 15 sec at 10,000 x g, in order to pass it through the filter. Alternatively, vacuum pressure may be used to pass samples through the filter. This process was repeated until the entire lysate/ethanol mixture had passed through the filter and the flow-through was discarded. The collection tube was reused for the washing steps. The filter was washed with 700 µl miRNA wash solution 1 and then washed twice with 500 µl wash solution 2/3. Elution solution (100 µl) that had been preheated to 95˚C, was applied to the center of the filter, which was covered with the cap. Samples were spun for 20-30 sec at 10,000 x g in order to recover the eluate, which contained the RNA, and were stored at -70˚C.
miRNA array and data analysis. In order to assess the differential expression of miRNAs, 27 samples were used from the T1-T4 time points (3, 6, 9 and 12 months following SCI or laminectomy). Four SCI groups and four sham groups from each of the four time points (T1-T4), and one control group (rats without SCI and laminectomy), were included. Each group contained three samples. The NanoDrop ND-2100 (Thermo Fisher Scientific, Waltham, MA, USA) was used to quantify total RNA, and the Agilent 2100 (Agilent Technologies, Inc., Santa Clara, CA, USA) was used to assess RNA integrity. Labeling, hybridization and washing were performed according to the manufacturer's instructions. Briefly, Poly A was tailed to total RNA, which was then labeled by Biotin. After they were labeled, RNAs were hybridized onto the microarray (Affymetrix 902017, Affymetrix Santa Clara, USA). Following washing and staining, scanning was performed with the Affymetrix Scanner 3000 (Affymetrix, Inc., Santa Clara, CA, USA).
Expression Console software (version1.3.1, Affymetrix, Inc.) was used to analyze array images in order to extract raw data and provide robust multi-array average (RMA) normalization. The resulting data was processed by Genespring software (version 12.5; Agilent Technologies, Inc.). Differential expression of miRNAs was then identified by evaluation of fold changes. The Targetscan database (http://www.targetscan.org) was used to predict the target genes of differentially expressed miRNAs. The distinguishable expression pattern of miRNAs among samples was demonstrated by performing Hierarchical Clustering using Multi Experiment Viewer 4.9 software.
RT-qPCR.
Quantification was performed with a two-step reaction proces, RT and PCR. Each RT reaction consisted of 0.5 µg RNA, 2 µl PrimerScript Buffer, 0.5 µl oligo dT, 0.5 µl random 6mers and 0.5 µl PrimerScript RT Enzyme Mix I (Takara, Otsu, Japan), in a total volume of 10 µl. The reactions were performed in a GeneAmp® PCR System 9700 (Applied Biosystems) for 15 min at 37˚C, followed by heat inactivation of RT for 5 sec at 85˚C. For miRNA, each RT reaction consisted of 1 µg RNA, 4 µl miScript HiSpec Buffer, 2 µl Nucleics mix and 2 µl miScript Reverse Transcriptase mix (Qiagen, Hilden, Germany) in a total volume of 20 µl. Reactions were performed in a GeneAmp® PCR System 9700 (Applied Biosystems, USA) for 60 min at 37˚C, followed by heat inactivation of RT for 5 min at 95˚C. For mRNA, the expression of miRNAs and mRNA was normalized to that of U6 or GADPH, respectively. Each sample was performed in triplicate. The primer sequences (Oebiotech, Shanghai, China) were as follows: U6, 5'-CAAGGATGACACGCAAATTCG-3'; rno-miR-1949, 5'-TATACCAGGATGTCAGCATAGTT-3'; rno-miR-205, 5'-TCCTTCATTCCACCGGAGTCTGT-3'; rnomiR-150-3p, forward 5'-ATTTACTGGTACAGGCCTGGG-3' and reverse 5'-CAGTGCAGGGTCCGAGGTAT-3'; rno-miR-652-5p, forward 5'-AAGGACAACCCTAGGAGGGG-3' and reverse 5'-CGCAGGGTCCGAGGTATTC-3'; Rb1, forward 5'-TGTGATGTTTGCTCTTGGT-3' and reverse 5'-GA ATGTG GACA ATCA ATCA AC T-3'; GA PDH, forward 5'-GCGAGATCCCGCTAACATCA-3' and reverse 5'-CTCGTGGTTCACACCCATCA-3' .
Western blotting. In order to investigate the expression of the Rb1 protein, western blotting was performed. Briefly, bladder samples of rats were lysed in RIPA buffer (Santa Cruz ) miRNAs is which the RMA normalization signal value of the experimental group was ≥5, the RMA normalization signal value ratio of experimental group to that of the sham group was ≥2, and the fold change was ≥4), belong to these five clusters. T1-T4 = 3, 6, 9 and 12 months after SCI. miRNA, microRNA; SCI, spinal cord injury; RMA, robust multi-array average.
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Biotechnology, Inc., Dallas, TX, USA). Following supplementation with protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA), the lysates were centrifuged in order to isolate protein. Protein samples were separated using SDS-polyacrylamide gel electrophoresis (Tuheshiye, Shanghai, China) and then transferred to nitrocellulose membranes (Tuheshiye). Membranes were blocked with 5% non-fat milk in PBS, containing 0.05% Tween-20, in order to reduce non-specific antibody binding. Blots were then incubated with rabbit anti-human Rb antibody primary antibodies (1:500; cat. no. GTX50459; GeneTex). β-actin was used as internal control. A got anti-rabbit immunoglobulain G horseradish perxoidase linked secondary antibody (1:2,000; cat. no. HA1001; Huaan, Hangzhou, China) was used to detect bound primary antibody. All experiments were conducted in triplicate.
Immunohistochemistry. In order to demonstrate the presence of the Rb1 protein, immunohistochemistry was used. In brief, formalin-fixed and paraffin-embedded samples were cut into sections. The histological sections were deparaffinised with xylene, rehydrated through graded ethanol solutions and washed in distilled water. After endogenous peroxidase activity had been blocked using 0.3% hydrogen peroxide for 15 min, the sections were submitted to antigen retrieval by microwaving 3 times for 5 min each and then cooling to room temperature. Following washing with distilled water and TBS, the primary antibody to Rb was added at room temperature in a wet chamber. Following thorough washing with TBS, the sections were incubated with the rabbit secondary antibody (ImmunoCruz TM ABC staining system; 1:500; cat. no. sc-2018; Santa Cruz Biotechnology, Dallas, USA) in a wet chamber at room temperature and stained with DAB (Saichi, Beijing, China). The sections were then counter-stained with hematoxylin.
Statistical analysis. Data are reported as the mean ± standard deviation. Comparisons between two groups were analyzed using Student's t-test using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Expression profiles of miRNAs in the rat bladder following SCI. Following array processing, Expression Console software (version1.3.1, Affymetrix, Inc.) was used to analyze array images in order to obtain raw data and then to provide RMA normalization. Based on the literature pertaining to the duration of SCI at the time of diagnosis of bladder cancer, and using a formula to adjust these times to the lifespan of a rat, miRNA expression data were collected from rat bladders at 3, 6, 9 and 12 months following SCI (time points, T1-T4) (8, 22, 23) .
Microarray analysis demonstrated that 381 miRNAs were differentially expressed in the adult rat bladder following SCI. Hierarchical Clustering was performed in order to illustrate the expression pattern of the distinguishable miRNAs among the samples (Fig. 1A) .
Since only a small proportion of miRNAs are abundantly expressed in the microRNAome, and as they seem to be more important in bladder biology and carcinogenic effects, only those miRNAs which were fulfilled following criteria that the Table I . Deregulated abundant microRNAs in the rat bladder following SCI. RMA normalization signal value was ≥5 at one time point, the ratio of the RMA normalization signal value of the experimental group to that of the sham group was ≥2, and the fold change was ≥4, were considered likely to be involved in bladder cancer pathogenesis (3, 4, 14) . Based on these criteria, seven miRNAs were identified, which are shown in Table I .
Deregulated abundant miRNAs in the rat bladder following SCI.
A more thorough investigation of the miRNAs in Table I was conducted in order to identify the potential mechanisms underlying the development of bladder cancer, and the miRNAs responsible, by examining numerous published studies. To the best of our knowledge, there is no evidence suggesting that six of the seven miRNAs (miR-223-3p, miR-122-5p, miR-1949, miR-92b-5p, miR-652-5p and miR-150-3p) are associated with the development of bladder cancer. A number of studies have reported that miR-205 is a biomarker for the diagnosis, staging and prognosis of bladder cancer. However, it has not been reported that miR-205 or its target genes induce bladder cancer (24) (25) (26) (27) (28) (29) (30) (31) . Subsequently, clusters of the miRNAs in Table I were investigated, according to the hypothesis that miRNAs in the same cluster, as analyzed by Hierarchical Clustering, may perform similar biological functions and exhibit similar expression patterns. The seven miRNAs in Table I belonged to five clusters (Fig. 1B) .
To the best of our knowledge, there are no previous reports that miRNAs in three of these clusters (2, 3 and 5) are associated with bladder cancer. Among the miRNAs in cluster 4, none are associated with bladder cancer, with the exception of miR-205. miR-205, a biomarker for the diagnosis, grading and prognosis of bladder cancer, is not associated with the biological mechanisms underlying tumorigenesis in the bladder (24) (25) (26) (27) (28) (29) (30) (31) .
Previous reports have shown that all members of cluster 1, with the exception of miR-1949, that is, miR-130b-3p, miR-182 and miR-183-5p, are biomarkers of bladder cancer, and their upregulation was also observed in the present study (32) (33) (34) (35) (36) (37) . As shown in Fig. 2A , the change in expression of miR-1949 over time, was similar to that of miR-182 and miR-183-5p. miR-182 and miR-183-5p are the most frequently reported deregulated miRNAs in studies of bladder cancer studies. However, the increase in their expression was not as marked as that of miR-1949. Therefore, miR-1949 was further investigated.
qRT-PCR validates the profiling data. In order to confirm the accuracy of the microarray data, qRT-PCR was used to measure the expression of miR-1949 at four time points (T1-T4), and that of miR-205, miR-652-5p and miR-150-3p at the time point for which the change in their expression, as assessed by the microarray, was consistent with the criteria already described. The correlation between microarray and qRT-PCR data was strong for these miRNAs, with the exception of miR-205. The fold change of miR-205 according to qRT-PCR, was 3.65, which was not consistent with the microarray data, although a statistical difference still existed, compared withe the control group. The relative expression of each miRNA compared with that in control subjects is shown in Fig. 2B-E. miR-1949 targets Rb1. As miRNA functions primarily by inhibiting the mRNA of target genes, the target of miR-1949 that is known to be involved in the pathogenesis of bladder cancer was 
by qRT-PCR and normalized to that of the internal control (U6). (C), (D) and (E)
The relative expression of miR-205, miR-150-3p and miR-652-5p at the check point for which the RMA normalization signal value of the experimental group was ≥5, the RMA normalization signal value ratio of the experimental group to that of the sham group was ≥2, and the fold change ≥4) was analyzed by qRT-PCR and normalized to the internal control (U6). It has been shown that the absence of the Rb1 protein is involved in several pathways in bladder cancer, either at its initiation or during its progression, including cell-cycle regulation and apoptosis (16, 17) . It is hypothesized that the Rb1 gene is involved in bladder tumori In order to assess the differential expression of miRNAs, 27 samples were used from the T1-T4 time points (3, 6, 9 and 12 months following SCI or laminectomy). Four SCI groups and four sham groups from each of the four time points (T1-T4), and one control group (rats without SCI and laminectomy), were included genesis, as tumorigenicity may be suppressed by transfecting the Rb1 gene into bladder cancer cells (16) .
In order to investigate the regulation of Rb1 by miR-1949, the expression of Rb1 mRNA was measured using qRT-PCR. The relative expression of Rb1 at four time points (T1-T4) compared with that in normal control subjects is shown in Fig. 3A . The level of Rb1 mRNA was not significantly influenced by the expression of miR-1949. Further, western blotting of four time points (T1-T4) samples demonstrated that the level of the Rb1 protein was decreased at T3 and T4 (Fig. 3B) , which was further confirmed by immunohistochemistry (Fig. 3C-G) . This suggested that Rb1 expression may be inhibited by miR-1949, primarily through translational inhibition. miRNA has two modalities to inhibit it target proteins: One is to inhibit its target mRNA and another is to degrade its target mRNA, if the miRNA is high compared with its target mRNA (1-3) . In the first modality, the level of target mRNA remains unchanged. These data indicate that endogenous Rb1 is targeted and regulated by miR-1949, and also suggest that the potential carcinogenic effect of miR-1949 is due to the inhibition of Rb1.
Influence of age on miR-1949 and Rb1 protein.
As tumorigenesis and the expression of certain miRNAs has been shown to be associated with aging (38) (39) (40) , the levels of miR-1949 and Rb1 protein were measured in rats of different ages. The healthy rats from the control group and the t1-t3 groups without SCI and laminectomy, which were employed together with SCI rats, were sacrificed at the same time as the SCI rats from the T1-T4 groups, in order to extract samples for qRT-PCR. Each group included three rats. No significant differences were detected, which suggested that miR-1949 levels are not influenced by age (Fig. 4A) . The Rb1 protein levels were analyzed by western blotting at different time points (t1-t3), and no significant difference was detected among these groups, indicating that the level of the Rb1 protein is also not influenced by age (Fig. 4B) . Furthermore, this result was validated by immunohistochemistry ( Fig. 4C-E) .
Overall trends of miR-1949 and Rb1 protein expression. The expression levels of miR-1949 and Rb1 protein in rat bladders were measured by qRT-PCR and western blotting, respectively, at 1 day, 14 days and 1 month following SCI, and no significant difference was detected among the groups (Fig. 5A and B) . In order to analyze the overall trends of the expression of miR-1949 and Rb1 protein, the data from the T1-T4 time points were used and are indicated as c4-c7 in Fig. 5C and D, respectively. The expression of miR-1949 remained stable for 3 months following SCI, and then significantly increased, a trend that was maintained for at least 9 months (Fig. 5C ). The expression of the Rb1 protein did not significantly decrease until c5 (Fig. 5D ). If these trends are maintained, the Rb1 protein levels may decline to a carcinogenic level.
Discussion
miRNAs are small non-coding RNA molecules that regulate gene expression by interacting with target mRNAs. These post-transcriptional regulators serve to maintain the characteristic protein expression of distinct cellular phenotypes (2, 41) . Although translation is blocked, the target mRNAs are thought to be degraded only by those miRNAs with high complementarity (1,3) . The level of Rb1 mRNA was not significantly influenced by miR-1949 expression, suggesting that Rb1 expression may be inhibited by miR-1949 primarily through translational inhibition.
When miRNAs were identified, they were identified as a class of gene regulators, which were associated with cell growth, differentiation and apoptosis. Notably, deregulation of these miRNAs may cause them to function as 'oncomiRs' , which induce tumorigenesis and promote tumor development. Therefore, knowledge of the tissue microRNAome as a potential microenvironment for inducing tumorigenesis is a prerequisite for an improved understanding of cancer cell biology, and also extends the number of existing molecules that may be developed for use as accurate diagnostic makers and efficient therapeutic targets (4).
Microarray is a powerful high-throughput tool which is able to monitor the global miRNA expression dynamically within tens of samples that are processed in parallel during a single experiment (42) . Compared with investigation of the expression of single miRNAs, microarray technology makes it possible to study the mechanism of disease and injury in a systemic and global context.
It has been reported that miRNAs that are expressed at a low level are unlikely to perform biological functions, and a minimum expression threshold amount must be achieved in order to inhibit target mRNAs (4, 43, 44) , suggesting that the intensity expression values of miRNAs in the bladder microRNAome have more possibility to execute their biological functions (3). In the candidate lists obtained in the present study, miRNAs were prioritized if they exhibited an RMA normalization signal value in the experimental group of ≥5, in order to identify the miRNAs with potential biological function.
The absence of the Rb1 protein is involved in a number of pathways in bladder cancer, either at its initiation or during its progression (16, 17) . Alteration or deletion of the Rb1 protein is observed in human bladder cancer, and transfecting the Rb1 gene into bladder cancer cells suppresses the tumorigenicity of these cells (16) . The alteration in Rb1 protein expression may independently predict recurrence and progression in bladder cancer with Bacillus Calmette-Guerin administration, and low expression of Rb1 is a predictor of non-response and cancer recurrence (45, 46) .
One of the first studies to show an increased risk of bladder cancer following SCI was performed by Kawaichi (47) . A number of studies have demonstrated that independent risk factors for the development of bladder cancer in patients with SCI, include age, long-term indwelling catheters, recurrent UTIs and bladder stones (12, 48, 49) . However, none of these studies has explored the pathogenesis of bladder cancer following SCI at the miRNA level. To the best of our knowledge, the present study is the first to explore the potential mechanism of the increased incidence of bladder cancer following SCI in the context of the microRNAome.
Based on the literature pertaining to the duration of SCI at the time of diagnosis of bladder cancer, and using a formula to adjust these times to the lifespan of a rat, four time points (3, 6, 9 and 12 months following SCI) were selected for use in the present study (8, 22, 23) . Since the pathological environment of the bladder following SCI differ from the normal bladder, investigation of the potential association between miRNA and the protein expression of Rb1 with the occurrence of bladder cancer following SCI, is required.
However, as a high number of experimental animals are required to obtain bladder cancer cases from rats with SCI, and the lifespan of experimental animals is limited, the present study is restricted to potential underlying mechanisms and the identification of miRNAs that may be involved in this process (8, 10, 22, 23) . However, a long-term clinical study with a large sample is also necessary.
In conclusion, the present study suggests that miR-1949 is involved in the translational regulation of Rb1, and also that the upregulation of miR-1949 may promote tumorigenesis via targeting Rb1. Future clinical studies aiming at understanding how miRNAs contribute to the development of bladder cancer following SCI, may help to further elucidate the role of these small non-coding RNAs.
